tent implantation has become an essential treatment strategy for stenosis of the great vessels associated with various congenital heart diseases (CHDs). There have been several reports from Japan on the acute and medium-term outcomes of stenting, but each report concerned limited number of patients because each Japanese center had performed stenting only a small number of times. 1-4 Furthermore, there are no reports of the long-term outcome beyond 10 years after stenting.
Consequently, the Japanese society of Pediatric Interventional Cardiology (JPIC) undertook a questionnaire survey on stenting for great vessel stenosis associated with CHDs.
Methods
Based on a preliminary survey by committee members of the JPIC, we selected 16 hospitals that had stented more than 10 patients for stenosis of the great vessels associated with CHDs, and retrospective questionnaires on stenting using either an original Palmaz or Palmaz Genesis stent (Cordis, Johnson & Johnson, Miami, FL, USA) were sent to each of these hospitals.
The questionnaires requested information about underlying CHDs, age at stenting, follow-up interval, stent type used and balloon (if remounted), minimal lumen diameter (MLD), lesion length, diameter of the reference vessel, peak-to-peak (in pulmonary stenosis and coarctation) or mean (in venous stenosis) pressure gradient before and after stenting, and over the entire follow-up interval, reasons for and outcomes of redilations, surgical interventions to stented vessels, and adverse events either with stenting or redilations.
The background data of patients were analyzed by Tukey's or Steel-Dwass's multiple comparisons, the acute effects of stenting were compared by paired t-test, and the percent changes in MLD and pressure gradients by t-test. The MLD and pressure gradients over the entire follow-up period were Stenting in Congenital Heart Disease also analyzed, and we used the Kaplan-Meier method to calculate freedom from re-intervention following restenosis. Percent changes in MLD and pressure gradient were defined as [(MLD after-before)/MLD before]×100, and [(pressure gradient before -after)/pressure gradient before]×100, and we used multiple stepwise regression analysis to identify factors that might contribute to these changes in stenting and in the initial redilation. For parameters that might have contributed to freedom from re-intervention following restenosis or to adverse events, we used stepwise multiple logistic regression analysis. 
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A predictive value less than 0.05 was taken as statistically significant.
Results
Of the 16 hospitals, 14 replied to the questionnaires. The respective number of patients, lesions, and sessions of stenting were 199, 253, and 225 with pulmonary stenosis; 35, 38, and 36 for coarctation; and 21, 21 and 21 for vena cava stenosis. (Table 1) Age at Stenting Age at stenting ranged from 0 to 56 (median 11) years for pulmonary stenosis, 0-31 (14) years for coarctation, and 0-39 (7) years for stenosis of the vena cava. Age at stenting for coarctation was significantly older than for pulmonary stenosis (P<0.05).
Background Data of the Patients
Follow-up Interval Follow-up intervals ranged from 0.5 to 12 (median 2) years for pulmonary stenosis, 0.5-10 (2) years for coarctation, and 0.5-7 (1.5) years for stenosis of vena cava. There were 3 and 2 patients with pulmonary stenosis and coarctation, respectively, whose follow-up intervals were longer than 10 years, and the longest follow-up interval for vena cava stenosis was 8 years for 2 patients.
Sex The sex distribution in pulmonary stenosis, coarctation, and vena cava stenosis was 108/90/1 (male/female/ unknown), 16/19/0, and 9/11/1, respectively. There was no significant difference among the 3 groups.
Underlying Heart Diseases In the pulmonary stenosis group, tetralogy of Fallot was the most common underlying heart disease, and pulmonary atresia with ventricular septal defect, transposition of great vessels, and univentricular heart were also frequent underlying lesions. In the aortic coarctation group, 26 patients had complex coarctation, 8 were simple and 1 was unknown. For stenosis of the vena cava, pulmonary atresia with ventricular septal defect, partial anomalous pulmonary venous connection, and univentricular heart were common underlying lesions.
Goal of Stenting For pulmonary stenosis, stenting was the primary option in approximately two-thirds of cases, and a secondary option was to repeat the previous treatment, which was mostly simple balloon angioplasty, in one-third of the patients. For coarctation (P<0.01) and stenosis of the vena cava (P<0.05), the primary option was more frequently performed than in pulmonary stenosis cases.
Stent Type The original Palmaz large stent was the most commonly implanted stent for all lesions, while a small number of Palmaz medium, and extra-large stents were used. A small number of Palmaz Genesis stents (medium on Slalom and large) were implanted in pulmonary stenosis and vena cava stenosis. There was no significant difference in specifications of stent among the 3 groups.
Number of Stents Implanted The number of stents implanted per lesion ranged from 1 to 5 (median 1) in pulmonary stenosis, 1-4 (1) in coarctation, and only 1 stent MLD, minimum lumen diameter; PG, pressure gradient; n, number of lesions; SD, standard deviation; PS, pulmonary stenosis. Other abbreviations see in Table 1 . Tables 1,2 .
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was implanted in all the vena cava lesions.
Acute Outcome of Stenting MLD and the pressure gradient before and after stenting could be analyzed in 260 and 210 lesions, respectively. MLD increased from 5.0±2.3 (mean ± standard deviation, range, 0.9-12.0) mm before stenting to 9.3±3.1 (3.4-20.4) mm after stenting, and the pressure gradient decreased from 28±21 (0-108) mmHg to 11±12 (0-60) mmHg (P<0.01, Table 2 ). Pulmonary Stenosis MLD and the pressure gradient before and after stenting could be analyzed in 205 and 162 lesions, respectively. The MLD increased from 4.7±2.1 (1.0-12.0) mm to 8.8±2.7 (3.4-15.0) mm, and the pressure gradient decreased from 30±22 (0-108) mmHg to 12±12 (0-60) mmHg (P<0.01, Table 2 ).
Coarctation MLD and the pressure gradient before and after stenting could be analyzed in 37 and 32 lesions, respectively. MLD increased from 6.6±2.3 (1.7-10.5) mm to 12.0± 3.8 (4.4-20.4) mm, and the pressure gradient decreased from 27±13 (10-57) mmHg to 8±12 (0-50) mmHg (P<0.01, Table 2 ).
Vena Cava Stenosis MLD and the pressure gradient before and after stenting could be analyzed in 18 and 16 lesions, respectively. MLD increased from 4.4±2.2 (0.9-7.5) mm to 9.2± 2.6 (4.0-12.0) mm, and the pressure gradient decreased from 7±4 (2-14) mmHg to 1±1 (0-4) mmHg (P<0.01, Table 2 ). TOMITA H et al.
Factors Contributing to Percent Changes in MLD and Pressure Gradient at Initial Stenting
We analyzed whether age at stenting, site of the lesion, type of stent (Palmaz large + extra large vs Palmaz medium + Genesis), and MLD/pressure gradient/lesion length before stenting might contribute to the percent changes in MLD and pressure gradient at stenting. Percent changes in MLD positively correlated with age at stenting and pressure gradient before stenting, while negatively correlating with MLD before stenting. Percent changes in pressure gradients in pulmonary stenosis were significantly smaller than in coarctation and vena cava stenosis ( Table 3) .
Long-Term Prognosis
Late Prognosis of MLD and Pressure Gradient In the follow-up period, 187 redilations were performed following either size-mismatch or in-stent stenosis; however, there was no significant difference in MLD or pressure gradient between just after stenting and in the follow-up period. Consequently, the benefit of stenting was preserved in the late follow-up period (Figure 1) .
Freedom From Re-Intervention In pulmonary stenosis, freedom from re-intervention gradually decreased to 92% at 12 months and 88% at 24 months, but beyond 60 months there was aplateau (ie, 84% at both 60 and 72 months). In coarctation, it was 95% at 12 months, with no further decrease at 24 and 54 months. In vena cava stenosis, it gradually decreased over time to 81% at 50 months. However, there was no significant difference in freedom from re-intervention at 12 and 48 months, or the entire follow-up interval among the 3 groups (Figure 2) . We analyzed for the same potential influences on freedom from re-intervention as previously listed. A small MLD before stenting was the only risk factor for poor freedom from re-intervention at any period (at 12 months: P<0.05, odds ratio (OR) 0.74, 95% confidence interval (CI) 0.57-0.95; at 48 months: P<0.01, OR 0.72, 95%CI 0.57-0.91; for the entire follow-up interval: P<0.01, OR 0.73, 95%CI 0.58-0.92).
Redilation
Efficacy of Redilation Redilations were performed 187 times in 108 patients, and the MLD and pressure gradient both before and after redilation could be analyzed in 154 and 140 sessions, respectively.
In all redilations, MLD increased from 6.2±2.6 (0.9-14.4) mm to 8.4±2.7 (3.4-17.8) mm (P<0.01), and the pressure Tables 1,2 .
Stenting in Congenital Heart Disease gradient decreased from 24±16 (0-77) mmHg to 13±11 (0-64) mmHg (P<0.01, Table 4 ). In pulmonary stenosis, 157 redilations, which included 1-5 times in 107, 29, 10, 7, and 4 lesions each, were performed. MLD and the pressure gradient both before and after redilation could be analyzed in 137 and 125 lesions, respectively. MLD increased from 6.1±2.5 (0.9-14.4) mm to 8.3±2.7 (3.4-17.8) mm (P<0.01), and the pressure gradient decreased from 24± 16 (0-77) mmHg to 14±11 (0-64) mmHg (P<0.01, Table 4 ).
For coarctation, 22 redilations, which included 1-3 redilations in 13, 6, and 3 lesions each, were reported. MLD and the pressure gradient both before and after redilation could be analyzed in 11 and 10 lesions, respectively. MLD increased from 7.9±2.9 (4.4-12.1) mm to 9.8±3.5 (4.8-16.5) mm (P< 0.01), and the pressure gradient decreased from 23±11 (5-40) mmHg to 10±7 (0-18) mmHg (P<0.01, Table 4 ).
In vena cava stenosis, 1 redilation was performed in 8 lesions, and MLD and pressure gradient both before and after redilation could be analyzed in 6 and 5 lesions, respectively. MLD increased from 5.3±2.4 (1.7-8.7) mm to 7.3±1.9 (5.6-10.5) mm (P<0.01, Table 4 ). Although the pressure gradient decreased from 4±6 (0-14) mmHg to 2±2 (0-5) mmHg, it was not statistically significant.
Percent Changes in MLD and Pressure Gradient in Redilations Percent changes in MLD and pressure gradient in the initial stenting were 111±87 (n=260, 0-539) and 63±33 (n=204, -100-100) %, respectively, both of which were significantly larger than for redilation, these being 50±76 (n= 154, 0-756) % and 48±28 (n=134, -17-100) %, respectively (P<0.01, Table 5 ). 
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In pulmonary stenosis and coarctation cases in which multiple redilations were performed, we analyzed the percent changes for each redilation. Percent changes in MLD and pressure gradient in the initial stenting were significantly larger than those in the first redilation; however, the percent changes for each redilation were comparable. Consequently, the efficacy of redilation was preserved, even after multiple redilations (Figure 3) .
Factors Contributing to Percent Changes in MLD and Pressure Gradient at Initial Redilation We analyzed whether any of the factors previously listed might contribute to the percent changes in MLD and pressure gradient following redilation.
Percent changes in MLD positively correlated with age at stenting (P<0.01, slope 1.5), and negatively correlated with MLD before the redilation (P<0.01, slope −7.5), significantly but weakly (R 2 =0.10). However, we did not identify any factors that contributed to the percent changes in pressure gradient.
Adverse Events
There were 80 events (28.4% of all sessions) in 59 patients (23.1% of all patients). Surgical treatment was required for 8 events (2.8% of all sessions) in 8 patients (2.8% of all patients).
Pulmonary Stenosis There were 67 events in 46 patients. Stent fracture occurred 8 times in 7 patients, of which 2 were associated with the procedure at initial stenting or redilation. Otherwise, 6 events were judged as caused by metal fatigue. Six fractured stents, including 1 that was procedure-related, were original Palmaz, and 2 were Palmaz Genesis, 1 being procedure-related. Fractured stents were retrieved surgically in 2 patients, and additional stenting was carried out as a bail-out procedure in 3 patients. The other 2 patients did not require any treatment, as there was no hemodynamic compromise following fracture of the stent. Stent fracture caused by metal fatigue was detected at 3, 7, 11, 37, 62, 67 months, respectively, after stenting.
Other adverse events included 23 inappropriately positioned stents (16 stent migrations during stent deployment, 5 slippages of stent from the balloon, others 2), 17 balloon ruptures, 6 incidents of late stent migration, 2 each of trouble in removing the catheter, lung congestion, and rupture of the Berman catheter, and 1 each of stent migration at redilation, deformation of the stent, difficulty in removing the balloon catheter, gastrointestinal bleeding, paralysis of the brachial plexus, perforation of the pulmonary artery, and hemoptysis. Late stent migration was detected the day after stenting in 2 cases, at 4 months after stenting in 2, and in 1 case each at 5 and 14 months after stenting. The stent was retrieved surgically in 3 cases of inappropriate stent position, and 2 of late stent migration.
There were 14 adverse events in 13 patients at late redilation: 9 balloon ruptures in 9 patients, and 1 each of hemoptysis, stent fracture, stent migration, and difficulty in removing of the balloon catheter or the Berman catheter. A stent was removed surgically in 1 patient because of stent fracture.
Coarctation There were 10 events in 10 patients: 7 balloon ruptures, and 1 case each of severe damage to the femoral artery, which was surgically repaired, retroperitoneal bleeding and transient AV block. Most events occurred at the initial stenting, except for a balloon rupture complicating redilation 36 months after stenting.
Vena Cava Stenosis One case each of hypotension, sick sinus syndrome, and tachyarrhythmia occurred in 3 patients.
Factors Contributing to Procedure-Related Complications
We analyzed whether any procedure-related factors, such as age at stenting, site of the lesion, type of stent (Palmaz large + extra large vs Palmaz medium + Genesis), MLD/pressure gradient/lesion length before stenting, contributed to the occurrence of adverse events.
Only a large pressure gradient before stenting was a weak but significant risk factor for adverse events (P<0.05; OR, 1.02; 95%CI, 1.00-1.04).
Excluding 2 stent fractures, adverse events were complicated by stenting with the Palmaz stent.
Discussion
From the data compiled by the investigation committee of the JPIC, 83 cases of stenting of lesions other than coronary arteries and redilations in 52 patients were reported in 2008. Most target lesions in this report were either pulmonary stenosis or aortic coarctation, although stenting of the ductus arteriosus has been reported. 5 Although several reports from North America and Europe describe medium-and longterm outcomes and redilation following stent implantation in CHDs, the longest follow-up ranges from 5 to 6 years. 6-8 Only a few reports based on limited number of patients describing prognosis beyond 10 years exist. Japanese reports are few and cover the medium-term outcome in a small number of patients. 2, 3 As reported in many previous series, 9-16 the acute outcome of stenting was quite effective in this survey, too. Age at stenting and the pressure gradient before stenting were positive factors that determined the percent change in MLD by stenting, whereas the MLD at stenting was a negative factor. Furthermore, the percent changes in pressure gradient in the pulmonary stenosis patients were significantly smaller than in those with coarctation or vena cava stenosis. These issues may be expected, as the efficacy of stenting is partly affected by age and constitution, and in pulmonary stenosis, the pressure gradient alone does not always determine the severity of the stenosis.
Comprehensive investigation is indispensable regarding the efficacy of redilation, which may be scheduled to overcome either a size-mismatch associated with somatic growth or in-stent restenosis, as stenting involves permanently implanting metal stent in the great vessels of growing children. There have been several reports from Western countries on this point, 7,8,17-19 but, in Japan, few studies have addressed this issue. The longest follow-up interval in our survey was 12 years, and a considerable number of patients underwent redilations. Repetitive redilations in some patients were as effective as the initial redilation. Although indications for redilation were not uniform among facilities, repetitive redilations definitely were as effective, and retained their efficacy, as the initial procedure. Efficacy of stenting was weakly but significantly influenced by age at stenting and MLD before redilation.
Adverse events occurred in 23% of patients, and in 28% of procedures; however, severe events requiring surgery comprised only 3%. No patients in this survey died because of the procedure. Considering critical situations in which stenting is the primary option with no alternative method of dilating the stenosis, or it is a secondary option following previously ineffective treatment, the safety of stenting in this survey appears to be satisfactory.
The original Palmaz stent, which in Japan is still the most common stent for great vessel lesions, has disappeared from Stenting in Congenital Heart Disease clinical practice in most countries, and the efficacy in CHDs of innovative stents, such as the Palmaz Genesis and the Cheatham-Platinum stent, has been evaluated outside Japan. 20- 22 Furthermore, for coarctation, covered stent implantation is becoming a common procedure. [23] [24] [25] In the present survey, we clarified that, even in Japan, the Genesis stent is gradually being introduced to real-life clinical practice. However, it is clearly off-label use and because of the limited specifications available in Japan, it has been used in strictly limited situations. We could not determine whether efficacy and safety differed between the original Palmaz and the Genesis stents. From this survey, there were no data to suggest that the type of stent may contribute to the acute outcome of stenting. As there was only 1 adverse event, which was a procedure-related stent fracture, during Genesis stent implantation, it may be safer to implant than the original Palmaz.
This survey collected data from 14 facilities, each of which performed more than 10 cases of stenting for stenosis of great vessels associated with CHDs. There were no standard guidelines among the responding facilities on indications for stenting, implanting procedure, follow-up plan, and indications for redilation. Furthermore, the retrospective nature of this study clearly limits the significance of the data. However, we believe the data will promote understanding of the current situation of stenting for stenosis of great vessels associated with CHDs in Japan. Although stenting for pulmonary vein stenosis had been reported, 26 it was excluded from this survey because the effectiveness of this procedure remains to be established.
As shown in this survey, stenting for CHDs is currently not only acceptably safe and effective, but also an indispensable treatment strategy in Japan. It is not ideal to leave such a strategy as an off-label use. We, the pediatric cardiology community, strongly recommend approving this procedure as officially covered by the health insurance system.
